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Abstract: Cells require protein synthesis to perform the adhesion function properly. In order to discover the effect of endogenous protein synthesis on CHL cell adhesion; the adhesion strengths of cultured Chinese Hamster Lung (CHL) cells that were grown for 24 hours on the glass surface in the presence of 1µgml-1 of cycloheximide or emetine or, both were measured quantitatively using a converging laminar flow chamber. The inhibition of protein synthesis by above drug(s) reduced cell adhesion
strength significantly. Hence critical shear stress of detachment of cell were 8.68±1.52 Nm-2 ,
8.13±1.48Nm-2 , and 6.57±1.01Nm-2 , respectively. While that of the control cells was
14.40±1.20Nm-2 . Before subculturing CHL cells in the presence of these drug(s), pre-treatment of
cells with the same protein synthesis inhibitor even further reduced cell adhesion strength. Thus with
pre-treatment of cycloheximide, emetine, both emetine and cycloheximide critical shear stress of
detachment of cells were 3.24±0.73Nm-2 , 2.51±0.41Nm-2 , and 2.18±0.47Nm-2 , respectively. These
results indicate that cells requires protein synthesis to gain possible maximum adhesion strength.
Key Words: CHL cell, cell adhesion, protein synthesis, emetine, cycloheximide.

CHL Hücrelerinin Yapışma Kuvvetinde Protein Sentezinin Rolü
Özet: Hücreler yapışma fonksiyonlarını tam olarak gerçekleştirebilmeleri için protein sentezine ihtiyaç
duyarlar. Protein sentezinin hücre yapışmasındaki etkisini incelemek için; cam yüzeyinde 24 saat süre
ile 1µ g/ml emetine, cycloheximide veya ikisininde mevcudiyetinde büyüyen kültür Chinese Hamster
Lung (CHL) hücrelerinin yapışma kuvveti düzgün ve giderek hızlınan bir sıvı akış kabiliyetine sahip
Microflow Chamber yardımı ile ölçülmüştür. Protein sentezinin yukarıdaki bileşikler tarafından inhibe
edilmesi hücre yapışmasının kuvevetine önemli derecede azaltmıştır. Bundan dolayı hücrelerin
-2
yapıştıkları cam yüzeyinden koparılmaları için gerekli kuvvetler sırayla 8.68±1.52 Nm ,
-2
-2
8.13±1.48Nm , ve 6.57±1.01Nm idi. Buna karşılık kontrol hücreleri için bu değer
14.40±1.20Nm-2 idi. CHL hücrelerini bu protein sentezi inhibitörlerinin mevcut olduğu yeni bir besi
ortamına ekilmeden önce, bu bileşiklerle muamele edilmesi yapışma şiddetini daha da fazla azaltmıştır
Bundan dolayı hücrelerin cycloheximide, emetine veya her ikisininde besi ortamında bulunduğu ortama
ekilmeden önce muamalesi durumunda hücrelerin sökülmesi için gerekli kuvvetler sırayla
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3.24±0.73Nm-2 , 2.51±0.41Nm-2 , and 2.18±0.47Nm-2 , idi. Bu sonuçlar hücrenin mümkün olan
maksimum kuvvette yapışması için protein sentezine ihtiyaç duyduğunu gösterir.
Anahtar Sözcükler: CHL hücresi, hücre yapışması, protein sentezi, emetine, cycloheximide.

Introduction
The cell substrate adhesion is a very complex process involving extracellular matrix (ECM)
proteins, cell surface receptors for these proteins and a intricate interplay of extracellular proteins, membrane proteins, and cytosolic proteins (1, 2, 3, 4, and 5).
When a cell suspension in a serum containing medium is poured into a culture dish, the first
reaction is that serum proteins bind and denature onto the dish surface (6, 7, and 8). Such
adsorption of proteins to surfaces is largely irreversible and much more rapid than contact of
the cell to surfaces. Therefore cells interact with an interface of previously adsorbed proteins
rather than original form of substrate (9, 10, 11, and 12). Following cell contact with the protein coated substratum if there are receptors for these protein (s) on the cell surface and if the
conformation of the adsorbed proteins is not altered by adsorption so as to destroy the high ligand-receptor affinity then cell attachement will take place (13, 14, and 15). After adhesion the
cell secretes its own proteins which mix together with the preadsorbed serum proteins to form
an extracellular matrix. This matrix form the foundation for cell spreading and adhesion
strengthening (16, 17, and 18).
The role of endogeneous proteins in cell adhesion could be studied using inhibitors of protein synthesis such as cycloheximide or emetine (19). Although the role of endogenous proteins
in various cells has been investigated in the past, most published studies deal solely with initial
cell attachment (20, 21) or cell morphology (i.e. whether cells are spreading or not) (21,22).
However, the present study describes the use of a Microflow chamber to investigate the role of
endogeneous proteins in cell adhesion strength that is gained after initial attachment, spreading
and strengthening of adhesion.
Materials and methods
Cell Culture: Chinese Hamster Lung (CHL) cells which were obtained from Flow laboratories were routinely cultured in minimum essential medium Eagles (modified with earls salt) MEM
(Flow laboratories). To achieve a 10 fold final dilution of culture medium, MEM (x10 concentration) was diluted in sterile HEPES (BDH Chemical) buffer. These diluted media were supplemented with 10% (v/v) fetal calf serum (Globepharm limited Surrey), 200I.U penicillin/ml, 200
mg/ml streptomycin, 2mM Glutamine and 2% (w/v) non essential amino acids (23).
Determination of Effective Dose(s) of Drugs That Inhibit CHL Cells Growth: To determine the specific does of emetine or cycloheximide that prevents cell growth, subconfluent cells
were trypsinized and trypsin was inhibited with serum containing medium. The resulting cell
suspensions, in which the numbers of cells were counted by neubave hemocytometer, were diluted with the growth medium defined above into which varies concentrations of emetine or cyclo-
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heximide were added as well. For each drug concentration a stock cell suspension which contained 5x105 cells/ml was prepared. Subsequently 15 ml of cell suspensions were distributed
into 25 cm2 tissue culture flasks and were incubated in a 5% CO2/air (v/v) at 37 °C. Control cells
were incubated in the growth medium that does not contain emetine or cycloheximide. The
growth curves were obtained by taking out flasks from incubator at different time points and
counting the number of cells present in the flask
The Preparation of glass Slides: Glass slides were purchased from Chance Proper Limitd,
UK and were soaked for 2 hours in 2% decon. Then, slides were rinsed in double distilled water
and were soaked in 6M HCI for overnight. Subsequently, slides were rinsed well in double distilled water and were left on edge in Flow cabinet to dry. Finally, washed and dried slides were
sterilized by γ radiation.
Measurement of Cell Adhesion Strength: Sub-confluent monolayer of cells was
trypsinized with 0.05% (v/v) trypsin in EDTA-PBS and trypsin was inhibited with serum containing culture medium. Then, 25 ml of resulting cell suspension which had the concentration of
2x105 cells/ml was transferred into 144cm2 tissue culture grade polystyrene dishes already containing five sterilized microscope slides. Afterward, cells were allowed to grow for 24 hours in
5% (V/V) CO2/air atmosphere at 37 °C. (Control cells were incubated in the growth medium
while for emetine or cycloheximide treatment cells were incubated in the growth medium that
contains 1µg/ml of one of these drugs as well) Subsequently, the adhesion strength of cells was
measured by inserting this cell growing substratum on the convergent Microflow chamber and
after passing the running medium, culture medium except no serum, for 10 minutes over test
substratum in a defined flow rate critical distance (the distance from the beginning of test section to a point at which cells start to come off) was measured. By inserting this value and flow
rate in equation:
τ = 15.74xV
87.5-L

(24)

in where:
τ= Shear stress (N/m2 )
V= Flow rate (ml/s)
L= Critical distance (mm)
This equation is obtained by modifying the equation of shear stress in a flow channel
τ = µxdu
dy

(25)
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in where:
τ= shear stress; µ= viscosity of fluid; du= the velocity of fluid; dy= the depth of the channel.
Results
The Determination of Effective Dose of Emetine or Cycloheximide for protein Synthesis
Inhibition
In order to determine the concentration of emetine or cycloheximide required to effectively
arrest cell growth, a family of growth curves was obtained for each inhibitor: cells were grown
in 10% foetal calf serum in the presence of various concentrations of cycloheximide or emetine,
between 0 and 2µg ml-1 . Although 0.1 µg ml-1 and 0.5µg ml-1 of cycloheximide or emetine,
respectively, substantially inhibited the growth of the CHL cells, growth was almost completely
halted when the concentration of either drug was 1 µg ml-1 (Figure 1 and 2). In order to confirm that these drugs actually inhibit protein synthesis in CHL cells, the cells were labeled with
[35 S]-methionine and the incorporation of this radiolabeled amino acid was determined in the
presence of either drug. It was observed that the protein synthesis was inhibited by 97% and
95% in the presence of 1mg ml-1 emetine or cycloheximide, respectively (submitted for publication). By combining results from the growth experiments with those from the biosynthetic
labelling study, it was concluded that 1 µg/ml-1 of either drug was an appropriate concentration
with which to inhibit protein synthesis.
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Figure 1.
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The Effect of Cycloheximide On the Growth of CHL Cells Sub-confluent CHL cells were trypsinized and inoculated in tissue culture flasks (25 cm2 each). The does of cycloheximide which effectively inhibited the
growth of these cells was determined by adding different concentrations of the drug at the beginning of the
experiment, which lasted for 94 hours. Each data point represents five different experiments; in each experiment the cells were counted three times. Each error bar represents the standard error of the mean.
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Figure 2.

The Effect of Emetine on the Growth of CHL Cells Sub-confluent CHL cells were trypsinized and inoculated
in tissue culture flasks (25 cm2 each). The does of cycloheximide which effectively inhibited the growth of
these cells was determined by adding different concentrations of the drug at the beginning of the experiment, which lasted for 94 hours. Each data point represents five different experiments; in each experiment
the cells were counted three times. Each error bar represents the standard error of the mean.

The Effect of Emetine and Cycloheximide on the Adhesion Strength of CHL Cells
In order to determine the role of protein synthesis on the adhesion strength of CHL cells,
two approaches were taken:
1. Sub-confluent cells were trypsinized, and the trypsin then inhibited using a serum-containing
medium with 1 µg ml-1 emetine, cycloheximide or both of these drugs added. Cells were then
seeded on tissue culture dish containing washed and sterilised glass slides in identical media and
the adhesion strength of these cells measured after 24 hours incubation.
2. In order to avoid the possible secretion of cellular proteins from protein pools, it has previously been reported that cultured cells contain protein pools hence even if protein synthesis is
totally inhibited, a cell may continue to secrete proteins from these pools (26), the medium of
sub-confluent cells was replaced with medium containing 1 µg ml-1 emetine, cycloheximide or
both of these drugs, and after six hours of incubation (chosen because, as demonstrated using
[35 S]-methionine labeling, 1 µg ml-1 emetine or cycloheximide inhibits protein synthesis within 5
hours, submitted for publication) with drug-containing medium, cells were trypsinized and subsequently treated as above. The inhibition of protein synthesis by cycloheximide or emetine
reduced highly significantly the adhesion strength of the CHL cells, the critical shear stress (c.s.s)
of detachment for the cells being 8.68±1.52 Nm-2 and 8.13±1.48 Nm-2 , respectively, while that
of the control cells was 14.40±1.20 Nm-2 , for both (between either drugs and control)
P<0.0000. The presence of 1µg ml-1 of both emetine and cycloheximide further reduced cell
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adhesion strength: the c.s.s was 6.57±1.01 Nm-2 . Thus it is possible to suggest that emetine
and cycloheximide act synergistically to inhibit protein synthesis. In fact, it is known that these
two drugs inhibit different stages of protein synthesis: cycloheximide primarily acts on the initiation step of synthesis, while the elongation step is most sensitive to inhibition by emetine
(27). Hence, one might expect a mixture of these two durgs to be more effective in reducing
the strength of cell adhesion. The pre-treatment of CHL cells with the above drugs resulted in
a further reduction in adhesion strength. For example, the c.s.s. of detachement of CHL cells
were 3.24±0.73 Nm-2 and 8.68±1.52 Nm-2 with and without cycloheximide pre-treatment,
respectively -a statistically significant difference (P=0.0000). The similar pre-treatment effect.
i.e. further reduction in cell adhesion strength, was observed for medium containing emetine
alone or both emetine and cycloheximide (Figure 3).
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The Effect of Protein Synthesis Inhibition on the Adhesion Strength of CHL Cells onto Glass Substratum. CHL
cells (either pre-treated with the indicated protein synthesis inhibitor(s) for 6 hours or without pretreatment)
were inoculated in the culture medium containing 1 µgml-1 of indicated inhibitor(s). After 24 hours of incubation the adhesion strength of the cells was measured. The results are the mean of three different experiments in each of which 10 measurements were made.

Discussion
In this study it was shown quantitatively that cells require protein synthesis to gain maximum possible adhesion strength that is obtained following attachement of cells to substrate and
spreading. There is so far no report that relate the adhesion strength of cells and endogenous
proteins.
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However, the role of protein synthesis on initial attachment of various cells has previously
been studied (21, 28, 29). Initial cell attachment is first step in cell adhesion. To be able to perform adhesion function properly, cell needs to spread on surface following initial attachment and
grow until division takes place (9, 18). Therefore, to be able to determine more properly the
role of protein synthesis on cell adhesion the adhesion strength of cells that were grown for 24
hours were measured in present study. Nevertheless, the relevance of protein synthesis in cell
adhesion is still a controversial issue. That is some of these studies suggest that protein syntehsis
increase cell attachment (21). However, the inhibition of protein synthesis in CHL cells reduced
15% the initial attachment of these cells (submitted for publication). The contrasting results
may be due to different cell system used, which possible behave differently during the attachment process.
It was interesting to show numerically that pre-treatment of cells with protein synthesis
inhibitor decreased adhesion strength of cells more than that cells were incubated in protein synthesis inhibitor contains medium without pre-treatment. this difference was statistically significant, P<0.0000. These results support the theory that the cell contains protein pools that are
used in the absence of cellular protein synthesis (26). It is therefore possible to suggest that
when protein synthesis inhibited, the cell would use these proteins to perform its limited adhesive function. In the case of pre-treatment, the cell might use up most of its the stored proteins
during the treatment period. Hence, in latter case cell adhesion strength was significantly lower
than that in the former case. This point was reinforced by Flickinger and Culp (20) who reported that spreading of human fibroblasts on collagen was inhibited after 18 hours of pre-treatment. It was suggested that, after this long period of incubation, cells could deplete collagen
receptors. Nevertheless, not all cellular proteins promote cell adhesion. Some of these proteins
have negative effects on cell adhesion (31) and it could be that, during inhibition of protein synthesis, the inhibitory effect of antiadhesive proteins is more pronounced. In fact, Hasselaar et al
(32) reported that the antiadhesive effect of SPARC (secreted protein acidic rich in cysteine), an
anti-adhesive protein, is not blocked by cycloheximide in bovine aortic endothelial (BAE) cells.
Therefore, cell spreading was still inhibited by SPARC.
The emetine effect on the adhesion strength of CHL cells was higher than cycloheximide.
However, this difference was not statistically significant, P=0.049. The presence of both emetine and cycloheximide further reduced cell adhesion. Thus it is possible to these two drugs act
synergistically to inhibit protein synthesis. This could be due to the fact that these two drugs
inhibit different stages of protein synthesis (27).
The present study could suggest that although cells are able to attach under the inhibition of
synthesis of cellular proteins, due to lack of cellular adhesive proteins and adhesive receptors,
they are unable to perform required functions such as signalling, response to these signalls,
reorganization of cytoskeletal proteins and the formation of focal adhesions. Therefore cell
adhesion strength is significantly reduced by emetine and cycloheximide.
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